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[ft 1 0 ] mzmmm t msi^mi^mm t or^i {zmmaunx-m^ ^ 
tiy-zmmm't^^^^fzztirmwLt'r^m^mi:^^^ 9 ST-ov^-rttTSHifsm 
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mimi 7] fjia^^s^*?-^^ i&Tt^T. ^%mi: ^^-)\ym^. r 
[0 0 0 u 
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[0 0 0 2] 

112 2 {i. t^5fe<7)L ED-7°U >V^-y K9 0 0 (D—U^Um^^Zjjk-tmUmX- 
^i), 1112 2(i. m2 3<7)LEDy°') y V^y VliZm^^^t:/)^T^^LEDT 

K9 0 Oti. 0 1 ±Km ^htifzL EDT U ^ ^ y -f 9 0 2<7)m=g^^'•y K 

9 0 3 ^. 9 0 1 ±izmx.hfifzmW] I C ^ y -7° 9 O 4 <7)mM/^° -y k 9 0 5 
fc^'-K^-rV >^'7^-Y9 0 6-e^^L/c#3t=^#Oo 
(0 0 0 31 

[0 0 0 4] 

[#lt:icm 1 1 

#IS¥1 0-0 6 3 8 0 7^<&# (IEI3 y^-iblie US. ^^0 0 2 1) 

[0 0 0 51 

L/Ji-L^/i>^'f>. 1112 2;S.t^"lll2 3 tc^^tt/iL E Dy; > K9 0 OXlt 

. LEDTV-r^>;'-7'902 <!:i^»i I y ■7^9 0 4 t ^>i^~>T-V >r 9 

0 6 izX^X^mLX\^^fz<Dr\ LEDTU^^y'f9 0 2 tmWil C^yfd 
0 4(D^it^^n{Z^ -(^yi-'y Vm(^±^^j: (^Jx.{i\ lOOjumXlOO/um) 

K9 0 3;S.0'9 0 5 ^IStt'S'£>^;&^'^bo7to ^<Dfzib^ LEDTP-f^ 
•y7^9 0 2:S.l/IEIIiI C^ y-f9 0 4 < 'T'^) ^ t Ti^^BHT-^b x -e 

nm^:^yimm.-t^:it-bmm.xh'ofzo 

[0 0 0 61 

ifz^ LEDT]y^^'yf9 0 2 l>Z}3\^^X§t&9 0 7 tLXm^-t^mmi 
. ^®75^^ 5 mSJS<7)-^^<7)^it-e^^o Lt&^L. m2 2RV^m2 SIiZ^^K 
fzLEB-f') y h^y V9 0 0 T'(4. L »7 -f ^-K > K<^^^t ^m^-f 
^fztbK. LEDr]y4^-y7'9 0 2(Dm^limW}l C^'yy°9 0 4(Dm^ (f'J 
250/im~300//m) i: |W|®JK IC-T'&'^-^t&^^o/io Z(Dfzt6^ LE 
> h^y K9 0 0t3i3V^T(i. LEDT^-r^.xy9 0 2 <DU^^ :^ 
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[0 0 0 7] 

3g<o|&7lc:^i^{imM/^°■;' K^m£Tv^^o-c% ^(Dmm^m^^ir^ z t-^mmx 

[0 0 0 8] 

<7)T-*f). /hM'fkS. W^n;^ h ofSM bill's - 1 75^' 

[0 0 0 9] 
[UIS =^JPF;^i- ^ <D^m 

[0 0 10] 

<m 1 <Dmmfm> 

m 1 ti^ ^§tm(7)m i l e d/iei* I Clt^^ <y 7° l o o ^ 

[0011] 

IEIl;i>-P>ll4^T'C^^:fL>2)J:9tw, ^ 1 <7)^M?l^^t^#^ L E D/IElft I C 
1 0 0 fi. 1 0 2 ^-g-tf 'J n > (Si) mm. 1 0 1 t . ^ 

OS i mmi 0 1 ±t3ff^^^n/;^i coarBm^mi o 3 z<Dmi(Dmm^ 
mmi 0 3±i>zm^^ix. ^mi^umir^mt-t^mmm 1 0 4 :i<D^m 
mi 0 4±i,zM^^tifzmMmi 0 5 t^m-r^o ttz, hEDxmmi cm^ 
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-'W^J <!:H^o) lOeh. LEDJ::t:7^;VA10 6±-^^hmmm^ 10 2 0 
1@SiJ^i^fIit 1 0 8±lcS^fI^tcfM$tL, LEDJ:-k:7^;l/A 1 0 6 <i:*m 
1 0 2 ^: ^m^Wt3^^i-^^MoTOJB£ia^ 107 t ^m-T^o tfz^ m 

mumm i o 7 t^a^ 1 0 5 t<DW\Rz/mmisim.m 1 0 7 1^^^ 1 0 4 

TbI^ct) i 9 t;ifeit/^>^^j^'^^Mp;ftc(±. mmmm 1 07=^LEDj:-e7^;uAi 
0 6;s.?^s immi 0 i<7)-^:*^^m^atifr^^^i-'2>^2(7)jirBm^mi 0 9 ( 

[0 0 12] 

L EDJ:.li-7 1 0 6 <7)^tL'etL{±, 11@<7)LED <h LT^Itg 

^1ll3ti:i-^^ t;&^^T'I^So m 1 ^-^1113 St?il^?tL^ J; 9 1t^<7)LED 
ili-7^;l/Al 06{i. ^tf y^-e 1 ^iJHSe^iJ^ttTv^^o /z/ft^ ItmoLE 
DJ^li^^;!/^ 1 0 6<7)SE^iJ(i^li -y^HlS^^tL^v^o ttz. ^I^tOLED^ 
ti7^;UAl 0 6<7)^iJ^4> l^iJH|?g^$;a-r\ f!lx.(i\ 1Ii5:OLEDJ^t:-7^;U 

L EDJ^br-7 ^ 10 6 <7)iS[{i|l^(?)^|^H|51^^tL^V>o L EDJ:-li7 ^ Jl' 
A 1 0 6(7)i|ii(i, mU^-^y K^^-r^|j&3^<7)L ED7°'; > K<7)ft;K <7)i|ii ( 

[0 0 13] 

LEDie-7'f 1 0 6<7)l¥;^(±, LED<7)^^Lfc#14 (^Jx.{^. I&7fe# 
C:<7)LEDJ^l:7^;UA 1 0 eoU^fi, K?:^1-^t^&5^<7)L E D 

> h^u/ Koi?^ (a-^. 3 0 0/zmejt) i 19 ^^^-^ti^v^n^-e^^o 
tfc. LEDJ^tT^-f ;i/A 1 0 6(r>m^'AW<^j:^ m^m^i 0 lizmjj 

DJitf^-f ;l/A 1 0 6<7)l¥$^, ^^1 0 /umi^kTiZir^Ztii^mtL^^o fzfzL 
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CiitCioT, LED-xkr^-r 1 0 6(Dm^^ 1 0 ;um=^j@x.'5>J¥^tCi-^ 
[0 0 14] 

s i 1 0 1 smuii^ 1 0 2 n/i^ y V y ^ s i m^-c^ 

^(7)mwiic {umicm ^^^m^o w^<Dwmiickt. mx.kf. m.w<7)L 

^iXhm^i>^tfiho S i 0 1 (Om^ii. mK.i£. O O jumX-$>h 

o i^i«lIC^(i. :5'i>Sje'^^ill'btLT*7'cl&«J^T'-^tz^o'v^TLED<?).^.;kT 

[0 0 15] 

Hi o^r^jpfe^mi 0 3(i> ^'fbitv^^ (s i 02) M:25.o''a'fi:ttv^ 
* (s i 3N4) m<7)p^<D{i^-^j: < ti>-':}jt:^ijM^mxit^mm^t-rh^t^^ 

T^:ho ^KDmrMBmi O 3(±. LEDJiii-7'f 1 0 6 *iE#tcft!jf^$ 
-ti-^7^ci6tc. S i^^l 0 iM-bLEDit'^-f 1 0 6 ^^m^Wlc^^ 

-t^m^iriBo o H 1 <7)^p^^#*ii 1 0 3 (±> Si 1 0 1 mm<Dmmmm i 

0 2;6^'ffM^nTv>;g,^ittc|^^L7t> mmm^l 0 2«M$nTV^:^v^fIjt 

[0 0 16] 

T'^^o ^*«1 0 4{i. Ik^fi^^ffifigft^ (CVD^) m:«9ffM^ 

tL^o 1 0 4 1 (Dmmm^m 1 0 3 ^orBitci^v^^^oi^^jfoo-e, 
mmm 1 0 4 <i:Hi«o@r^^^Mi 0 3 tcDmizM^^mm^Mm^Wfz^t^zt-/)^ 

[0 0 17] 

7j>^'-e# 1 0 4 10 5 t(Dmi,zM^^m^i^iw<^(7)x\ mmm 

1 0 4 tmmm 1 0 5 t<7>FBii;i^v^^^5^j$^#fcHi-^ct75^-e§>Z)o mmm 1 
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0 5(7)^MlC{iLEDJit:-7'f 1 0 6 7&^li^«)#tt ^tLTv^-Bo ^il^ 1 0 5 
ii. ■t<D±l,z^^nitHhtifzLED^^y ^ 0 e^m^ir^bm^t, LE 

DJ^My ^ 1 0 6 <7)TM(7)^ii)S^-fIJ-t (H^^ir-f) t S i 1 0 1(7)* 

^10 5 iiLEDJUf^-f 1 0 6rtO*ii^i^fI:^tOPHlt;(i. y 
ay'^^ V tL>S CI <!: Lv^o 1 0 5 t . Si I 0 KD^ 

T-^^o i^t?. LEDJ^ti^-f 1 0 6l^<7)*a^^^Jt^{i> ^ii^lO 
. I1I4 tc^^tL-?) nMG a A 1 1 I (D^mmiiLm (nm^lHlJ) ^=t^^M^ 

®^«(*i-^o tfz. s i^^i 0 i<7)^mm^ymtii^ mmmi o 5tm-r 

h S i LTis ^ > ^^M^S-e*#:e<;tc^-<tL{f, L E D ^ 

0 5<7)J5${i, Mx.{S\ ItJ 1 0 0 nm (- 0. 1 y« m) -tr^^o 

[0 0 18] 

LED:j^\£y ^ )VA 1 0 6 (i, 1114 tc^^tt^ J: 9 nMGaAsHlll 
nMA 1 X G a 1 -X A 1 1 2 (O^x^l) pMAlyGai- 
yAsilllS (O^y^l) pMA 1 z G a 1 - z A sg 1 1 4 (O^z 
^1) pMGaAs^l 1 5 t^mi.zmm^^fzm^'km^o pMGaAs 
mi 1 5±tC{±^2<7)^PBm^Ml 0 QTi^'fM^nrv^^o Sfc. ^2 0Br^^ 
^mi 0 Q<r>muUl 0 9 al*Itci5V>T. pMG a A 1 1 b ±.Kktm'i\mWi 
m \ 0 7 /6^'f^J?£$nTv^^o G a A s« 1 1 1 :5.<^'A 1 xGa i-xAs 

^112^pMi:L. AlyGai-yAs^ll3> AlzGai-zAs® 
114. :RC;'^GaAsgl 15=JrnMi:L-C^J:v^o tfz. GaAs^lllO 
1 0 nm (=^^0. 0 1 //m) > AlxGai-xAsgll 

2 (7)i¥${i, 1^0. b fxmX-h^. AlyGai-yAsSll 3<7)jl^{i. 

1 fzmX-iyy). AlzGai-zAs^ll 4<7)1¥$(±, *^jO. b fxmXh^. 
G a A 1 1 5<7)iy$(i. I^J 1 0 nm ( = ^0. 0 1 m) "C^-So 'l<7)ti^ 
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tcti, LEDJ^lf^-f 1 0 60Jlp^(i. 1^2. 0 2 m t TtzfiL. # 

z>y (^Jx.(^. x = z = 0. 4. y = 0. 1) ^: 1" ^ ^ tJ^^-C ^ ^ o tfz^ L 
EDJ:-li7^;i'A 1 0 6<7)*t+3|.,h LT. (AlxGai-x) yIni_yP ( 
^^T\ O^x^ lE.O0^y^ IT-^^o ) . GaN. AlGaN. InGa 

[0 0 19] 

mmmm i o 7 (i. l e d j:. tr -7 1 0 e (D^&±m s i 1 
0 1 (Dmmmi^ 1 0 2 (T^mm^^m^ 1 0 s t(D^fi^ix^n%mz.^mt^o 
mmu^ 1 0 7 {i. m^it^ nm.(r>^^)vum.x-^ho mminm 1 0 7 ti. 

®#^^tf^«X{im«(7)^ i^jx.{i\ #-efS;3S;$ti/ie (Aug) . ^ 

><i:e#^#o«se (T i /^p t/Au«g^) . ^tm.^(ommm (au 
GeNi/Au«^^) . ®/-^^v^2^^^ts^.mjL\tmm(D^ ^ )vm. mx.\t 

. v>>A-e«^$tL/j® (Pd^) . v'>A<i:ife<7)^®« (Pd/Au 

AT'^^^ttfcg (Al^) . T;U^ --^A ^--y >5-;K7)^«« (Al/^Ni« 
g^) > V'; n>T'«^^tL7t:g. (Dl TO^Z nO^<7)Smi4m<bt?^ 

$^^0. 5^mT'*»). ifi:mAcOJigS&m»fL^»{L-r^'^t^{±. iSSUie*!® 1 0 7 <7) 
^tj2 0 0 yumJ^TJl-r'&C: Lv^o 
[0 0 2 0] 

^fz. -fSSUK^ 107<!:LEDJ^tf7'r 10 6 <DmMRX/mm t(Dm, 

mmw.mm i o 7 tsa® 1 0 5 t<Dms mm^mm 1 0 7 tmmm 1 0 4 t<r> 
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mmmm i o 7 s i 1 0 1 (7)mmt<Dmm<7)x n Km^.m^^y a - 
(i\ ^fbttv^^ (s i 02) m'Rrfm.im^m (s i 3N4) m<7)i*i<7)^-;^< ^ 

^1-^0 -^tc, ^^©^^Mtcf^fiKL. -7;}- h Vi^^^^-f ^t^ffi^i «9^Jl©f: 
/N-^-- >ir-t-^^i:m: 19, mm.<7)LEDx.\dy 4 )UA 1 0 6 tm^M^l 0 

2 <7)'f@SiJt^^fItt 1 0 8 i:*SMt-'6^Ii5[(7)»Jie#ae 1 0 9 ^-JgUffMi-^i. 

[0 0 2 1] 

>Xiz. LEDJ^}^y -f 1 0 6 (T^M^tyn-tj^^^iJi^i-^ljo llI5S.t/EI6 (i 
. L E D-3it:-7 ^ 1 0 6 (7)MiS7°n-t^ =^mH&6^tc^-ri&f®ia-e*^o 
[0 0 2 2] 

L ED^li^^v^;u® 1 0 6 a (fiM^n^Sfrti TL E D tf ^ ^ v 
106aJ tieat. fiJ^^tLfct^ti rLEDJ^li'7'f 1 0 6J 
o ) <7)M^(±. W^^ffi-ft^^^rS (MOCVD?£) & ( 

MBEiS) ^tc ioT^f ^ >::<i:7&^^t:-§>2)o LEDJ-li^^v^;!^^ 1 0 6 a<7)M 
^K^LXii^ mSiZTj^^iX^X^lz^ G a A s^^l 2 G a A s 

7rei2 2. (AlGa) I n Pa:, y-^^^^'y?. h y T'^ 1 2 3 . :?^?/A 1 A s 
flJ^tS 1 2 4 ^mjZftSLm-r^o >XI>Z^ a l a sPJMI« l 2 4±tC, G a a s n > 
^^hSlll (nMGaAs^lll).AlGaAsT^'^-;/Keil2 ( 
nMA lxGai-xAs®112).AlGa A s r&tt^ 113 (pMA 1 y 
Gai-yAsgl 13) . RZfA 1 G a A s ^ y 1 1 4 ( p M A 1 z 
Gai_zAsSll4) . GaAs3>^i^hgll5 (pMGaAs«ll 
5) ^rMC^Mi-'&o LEDJ^tr^^v^;i/e 1 0 6 a<7)iijg|(i, it^m^) y h 
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[0 0 2 31 

>Xi~. m 6 IZTjk^ ti^ X d liZ. 1 0%HF imtyKm) mzx^, AlAsfiJ 
mmi 2 4 ^ii^6^tl^*1-^o HFm(DA l a sflj^tii l 2 4 iZ*^-r'2>J^-;/^ 
>'^'iSS{i^ A 1 GaAs® 1 1 2-1 1 4. GaAs^l 1 1, 115, 12 
1, 12 2. RZ/j:~y^>^;^V y-fmi 2 3KMi-^j:-y^y^'mmi^it^^ 
^t;^§v^<7)T\ A 1 A smmm 1 2 4 ^ii^fitJt;-:i^-;'^>i^'-r-?>- <h75^^T?§-2> 

0 ZtHZX^. LEDJ:-li-7>f 1 0 6 L E D 7 1 
2 0:d-f>iO^^'-r^ t56^'prtfeti?&;2>o ^(DfzibiiZli, me ^z^^fi^ X o ^JE. 
\£^^i^^)Vm 111-115 ^^y^yVL. ^12 5 =^fMLT:fe<o «1 

1 y ^ > ^''-r^ V :t h >; y i?'^ 7 Xfltl ct «9 ^ o ^miiTfcti. A 1 G a A s 
eil2~114. GaAs^lll, 115, 121, I 2 2 it^ 

■t^i)^. (AlGa) I nV :^y^yV7sY y-zfrni 2 3\Zti-fh:i-y^y-^m 
S;^?3SV^<7)-C\ ±Mi)-hm \ 2 5 ^Ji-y^>^'?FM-r^P^Hl?t«1gl 2 1 ^T^ 

^y^^-rhZ.tKX^^ A 1 A sflJilg 1 2 4 ^iy^^i^L. LEDJ:.t:-7^ 

ii-A 1 0 6 'j-pjgi-r^o ^i3. Eietcti. K\ Ksmmmi 2 Ai)m.^^x\^^h 

AfM (J^-7^>^*iift^) /{>^'^:^tt-rv^^;6^ L E DJ^t: -7 -f 1 0 6 ^1*#L 
fz^mx\ A 1 A sf!)^^ 1 2 4 (i^^tc^^^n^o A 1 Asmmm 12 4^ 
y ^ > i^^* L fz'ik. J^-y^y Vm-^m^ L ^ J: ^ H^tKJ^ «t ^ tK^^S ^ 
Mt"o LED-xfcr-7'f ;i<'A 1 0 6<7)ilJ^t;^LT. L E D 7 ^ ;i^A ^3tJf ^S. 
c/1Slii-;i)^J#^^L EDJ-iiy 1 o 6 ±i;f^tt^ ^ h/i)^^-^^^^ '^J;i{f 

. LEDJ^\iy^)l^A10 6<7)±l,Z^ni^^mirfzm^. LEDJ^li'^'f 
[0 0 2 4] 

m 7 (i. Si (Dmmm^^^^i> l e D/igi& i cit^^ y 

^L7tLED^- y h 1 3 0^Wi^m\iZ7^^^nmx^ho 
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[0 0 2 5] 

m? liZ^^fl^X^ l,Z^ L ED-X-y h 1 3 0 {±. COB (Chip On Board) 

^^^^1 3 1^. ^<?^mmmui 3 i±^zm^htifzmmi<^LEDymmi c 
m^^yy'i 0 ot^m-r^o ^im<7)LED/'iEi*i cm^^yy'i 0 o(i. m. 

^^^n^o ^iSc<7)LED/IES!jI C^S#^yyi 0 0(i, 1^J^{^. LEDJ^li 

7^;VA10 6 (Ep-t). LED) 0@e^iJ/e»^^L E D-X^r. -y h 1 3 0 Og^:^[p]<7)^ 

fttc^D/coT. ^e-yf-ei^ijicifi^ij^tL^ i^tc, ^^^^1 3 i±icBes^ 

[0 0 2 6] 

m^^u 1 3 1 {±, LED xmw} I c ^yioooLED^ Mimm 
1 0 o<Dmmm^i o 2 (igi&i cs^) iz^m-r^fzitxDnm^^^-^ m^-^ 
-7 -7° 1 0 0 (7) s i 1 0 1 1 3 1 :^-hmti^mmm^^:'§: 

nM^fzib<Dmm^^y K (m^-^ir-r) ^m^htiX\^^^o LED^^y h 1 3 0 
Kli. H^^^l 3 lomS/^°> KhLED/lgiftl Clt-^^ V/I 0 0<7)S i 

»^i 0 l±c7)m®/^°•y vtim%^iizmM.-r^^^>7-u yy^^^^mx.^^ 

[0 0 2 7] 

j':i.±m?gL7tj:^n. m\(Dmmnm\z^^hhET>/wmicm'k^yfi o 

OtCctnt^. LEDJ^li-7^;i'A 1 0 6±tC7-f ^Jj^'^T'-f > ^'fflcTjm^^'? ^ K 

^#x.^'j>:^^;6^^=^\/^(7)-c\ ^m.<^A^mit^mifA'=i^ v(D\^0,^mhz.ti)^x-^ 

^ o 

[0 0 2 8] 

tfz. mi (r>mmMmizm^ l e Dxmwj i cit^^ y i o o tc i nt^. s 

i «1 0 l±tc|^ii9#tt^tL/::LEDj:-li7^;i'A 1 0 6 <!: S i 1 0 1 

j^m^tifzmmm^i 02 t^y^ v^) v^^y ^mmi>zx y)jfm^tifzmm(r> 
m^m^^m 107m: ^mM.^iizm^Lx\^^^<r>x\ LED:^\£y ^ 1 0 e 
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. LEDit:-7^;WA 1 0 6 Oj?^ < -el; >S)<7)-C\ *tl^=3>^ V(D^i0.^:m^ 
[0 0 2 9] 

tfz. mi <7)mmfmi^^^^ l e d/hhi* i c^-^^ y -7' i o o tm. m 
1 <?)^^^^Mi 0 3 t^mm 1 0 5 tcDmii^. mKT^mmmmmi o 3 

ir^mmi^mnvmmm i o e ^«^i--2>i=4-# mx.i£. ^mun) (D^^^rft 

^(Dfzib^ m 1 o^^^^M 1 0 3 tmmm i o s ho^osi:^}^^*^. 

-eoit:^. HlO^ra^^mi 0 3 <h LEDJ:.t:7'f 1 0 6 t (D^^tJ ^J:^^m 

[0 0 3 01 

<^2<7)^Mff^^> 

1118 {±. ^§tm(om2<Dmmfmf<z^^^^miihmmx-$>^ l e T>/m.m i cit 

^^■y7°2 0 OO— *|5^^ls&6<jtc^-r¥Mia-e^)^o S/c. Ill9(i. [218 *S 9 
[0 0 3 1] 

i^cT^-^*#i-o 118 tc^^tLfjLED/iEtij I cii'^^-y7°2 0 o(±. mmm 

1 0 5_hH«miBOLED 2 0 6 a ^^tfSR^LEDil:-7^;VA 

2 0 6 ^lA 19 U^1rfz}^.i)K 1 0 5 ±H 1 ISO L E D ^^t^m.Wi<r> L E D J:- 
tf -7 ^ A 1 0 6 ^SE^iJ L7t0 1 <7)||ifeff^^.(7) L E D/fgi* I C«^^ 7 1 0 

0 ^^iis-r^o 

[0 0 3 2] 

1-^0 1119 C^^^x^i^tc. LED/IBKiI C1t'^^y-/2 0 Oti. S i 

1 0 1 Ill OSr^m^Ml 0 3 #^b^bv'; n^gXfiT^^l/TrXvU 
n^g^-elt^^^x^^*® 1 0 4 1 0 5i:. L E D Ji-lf^ 2 

0 6 ii2<7)^PBm^M2 0 9 ^. 'i@sijKii^2 0 7 t^Miizmm^'^timm. 
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^J#Oo EI9tC:^$tL^J:^ll, L E D j:- t: "7 -f 2 0 6 (±. nMGaAs^ 
2 1 1 nMA 1 X G a 1 _x A sg2 1 2 (O^x^l) nMAlyO 
ai-yAsS213 (O^y^l) n M A 1 z G a i _ z A s if 2 1 4 ( 
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